1. Introduction {#s0005}
===============

Aortic aneurysms are an important cardiovascular disease and a complex disease with both genetic and environmental factors contributing to the disease process. In practice, established risk factors for aortic aneurysms include advancing age, male gender, smoking, hypertension and atherosclerosis [@bb0005]. In addition, aortic aneurysms are associated with more pronounced inflammation and elevation of inflammatory markers in patients with aortic aneurysms is widely recognized [@bb0010]. Also, coronary artery disease is the most important cause of morbidity and mortality in patients with aortic aneurysms, including during the postoperative period of aortic aneurysms [@bb0015]. However, it is difficult to predict morbidity and mortality only by evaluating coronary artery stenosis [@bb0020]. On the other hand, it was reported that coronary artery ectasia (CAE) was frequently observed in patients with aortic aneurysms [@bb0025], [@bb0030] and CAE regardless of aortic aneurysms may be a form of atherosclerosis with more active inflammatory [@bb0035], [@bb0040], [@bb0045], [@bb0050], [@bb0055]. White blood cell (WBC) count and related parameters are markers of inflammation in cardiovascular disease [@bb0060], [@bb0065]. Especially, neutrophil to lymphocyte ratio (NL ratio) has been shown to have the greatest predictive value for poor outcomes in patients with coronary artery disease [@bb0065]. However, the relation between CAE and NL ratio in patients with aortic aneurysms is not fully understood. This study was undertaken to assess the relation between CAE and NL ratio in patients with aortic aneurysms.

2. Methods {#s0010}
==========

2.1. Study patient {#s0030}
------------------

In total, 1735 patients underwent coronary angiograms from January 2011 to October 2013 at Hiroshima University Graduate School of Biomedical and Health Sciences. Of these, we excluded patients accompanied with acute coronary syndrome and chronic inflammatory disease. In addition, we excluded patients with traumatic, inflammatory, infective and congenital aortic aneurysms. We have retrospectively analyzed 93 consecutive patients with aortic aneurysms (AA group) and 79 patients without aortic aneurysms who had angiographically normal coronary arteries and no ischemia on myocardial perfusion scintigram or the treadmill exercise test as the control group (control group). Moreover, patients with aortic aneurysms were classified into two groups based on the presence of CAE; CAE (+) group (n = 44) and CAE (−) group (n = 49). Coronary angiograms were performed due to the presence of anginal chest pain or the evaluation of coronary artery before aortic aneurysm surgery. Angiographically normal coronary arteries were defined as no reduction of the internal diameter of the coronary arteries. Aortic aneurysms were defined as a circumferential or local enlargement (the diameter was increased to a degree at least 1.5-fold greater than normal (exceeding 45 mm in the thoracic region and 30 mm in the abdominal region)) or protrusion of a part of the aortic wall [@bb0070], [@bb0075]. The maximum minor-axis diameter was used in principle for plain and early contrast-enhanced computed tomography images [@bb0080]. Estimated glomerular filtration rate (eGFR) was calculated using the Japanese equations from serum creatinine, and chronic kidney disease (CKD) was thought to be present if it was \< 60 ml/min per 1.73 m^2^. Informed consent was obtained from each patient. This study was approved by the ethical committee at Hiroshima University Graduate School of Biomedical and Health Sciences.

2.2. Laboratory measurements {#s0035}
----------------------------

Blood samples were collected from the ante-cubital vein by an atraumatic puncture just before the coronary angiography in the postabsorptive state and were sent to the central laboratory of our hospital within 1 h after collection. Venous blood was collected in a tube containing K3 EDTA for the measurement of hematologic indices in all patients. Hematologic indices were evaluated from a complete blood count analysis performed at the central laboratory of our hospital.

2.3. Angiographic evaluation {#s0040}
----------------------------

Coronary angiograms were obtained and evaluated according to standard techniques using 4 Fr catheter. Using quantitative coronary angiographic (QCA) analysis (QCA-CMS v.6.0, Medis, Leiden, NL), coronary artery stenosis was defined as the 50% reduction of the internal diameter of the coronary arteries compared to normal, non-ectatic segments. Coronary artery disease (CAD) severity was assessed by the number of diseased vessels \[the right coronary artery (RCA), left anterior descending (LAD), or left circumflex (LCX) coronary artery\]. The left main coronary artery (LMCA) was considered a two-vessel disease. Coronary artery ectasia (CAE) was defined as coronary artery with the diameter of the ectatic segment being more than 1.5-fold larger compared with an adjacent healthy reference segment [@bb0085], [@bb0090].

2.4. Statistical analysis {#s0045}
-------------------------

Standard statistical methods were used in this study. Significant differences were tested using the χ^2^ test for categorical variables. Normally distributed continuous variables were presented as mean and standard deviation (SD). Unpaired Student\'s *t* test or Wilcoxon rank-sum test when appropriate was used for continuous variables. Univariate and multivariate logistic regression analyses were used to identify independent predictors of the presence of CAE in patients with aortic aneurysms, adjusting blood chemical parameters. The univariable predictors with a p value of less than 0.1 were entered into a multivariate model. In addition, to adjust for selection bias, propensity scores for each patient were estimated with logistic regression, with CAE (+) as the outcome. Eighteen baseline clinical variables were chosen for imputation and derivation of propensity scores, based on clinical relevance and ability to correct for differences between CAE (+) and CAE (−) groups. The JMP statistical package (version 11.0, SAS Institute, Inc. Cary, NC, USA) was used for all statistical tests. A significance level of 0.05 was used and two-tailed tests were applied.

3. Results {#s0015}
==========

In the AA group, there were 30 (32.3%) patients with ascending thoracic aneurysms and 63 (67.7%) patients with descending thoracic or abdominal aneurysms. The baseline characteristics of the study patients are shown in [Table 1](#t0005){ref-type="table"}. Age, the frequencies of hypertension and previous myocardial infarction (MI) were significantly higher in the AA group than in the control group (age; 72.8 ± 8.8 years vs. 67.1 ± 10.9 years, p \< 0.001, hypertension; 82.8% vs. 69.6%, p = 0.04, previous MI; 6.5% vs. 0%, p = 0.02, respectively). The frequencies of diabetes mellitus was significantly lower in the AA group than in the control group (18.3% vs. 35.4%, p = 0.01). There was no significant difference in other baseline clinical variables between the AA group and the control group. The AA group had a significantly higher C-reactive protein level and D-dimer level than the control group (C-reactive protein; 1.03 ± 2.97 mg/dl vs. 0.19 ± 0.29 mg/dl, p \< 0.01, D-dimer; 6.73 ± 7.67 μg/ml vs. 1.03 ± 1.59 μg/ml, p \< 0.01, respectively). The AA group had a significantly higher NL ratio than the control group (2.93 ± 1.43 vs. 2.45 ± 1.05, p = 0.027). There was no significant difference in other blood chemical parameters between the AA group and the control group.Table 1Baseline characteristics between the patients with AA and those without AA.AA group\
(n = 93)Control group\
(n = 79)p value*Clinical characteristics*Age (years)72.8 ± 8.867.1 ± 10.9\< 0.001Male75 (80.7%)55 (69.6%)0.09Hypertension77 (82.8%)55 (69.6%)0.04Dyslipidemia41 (44.1%)41 (51.9%)0.31Diabetes mellitus17 (18.3%)28 (35.4%)0.01Current smoker28 (30.1%)23 (29.1%)0.87Body mass index (kg/m^2^)23.4 ± 4.024.1 ± 3.70.28Previous MI6 (6.5%)0 (0%)0.02Atrial fibrillation9 (9.7%)5 (6.3%)0.42MedicationAspirin28 (30.1%)19 (24.1%)0.37β-Blocker28 (30.1%)16 (20.3%)0.13Ca-blocker51 (54.8%)41 (51.9%)0.70ACE-I/ARB56 (60.2%)36 (45.6%)0.06Statin28 (30.1%)23 (29.1%)0.43Diuretic11 (11.8%)12 (15.2%)0.52LVEF (%)60.4 ± 7.861.7 ± 7.20.16  *Laboratory data*White blood cell (10^3^/μl)6721 ± 22586396 ± 21210.30NL ratio2.93 ± 1.432.45 ± 1.050.027Hemoglobin (g/dl)12.95 ± 2.0713.42 ± 1.900.11Hematocrit (%)38.33 ± 5.7039.58 ± 5.110.13C-reactive protein (mg/dl)1.03 ± 2.970.19 ± 0.29\< 0.01Platelet (mm^3^/μl)187.30 ± 62.26200.29 ± 66.370.48eGFR (ml/min per 1.73 m^2^)61.02 ± 22.7865.80 ± 28.740.08eGFR \< 60 ml/min per 1.73 m^2^41 (44.1%)28 (35.4%)0.25HDL cholesterol (mg/dl)50.9 ± 14.357.6 ± 22.10.054LDL cholesterol (mg/dl)110.4 ± 28.9110.1 ± 44.10.40Triglyceride (mg/dl)133.9 ± 64.1147.2 ± 127.90.78HbA1c (%)5.92 ± 0.526.24 ± 1.450.63D-dimer (μg/ml)6.73 ± 7.671.03 ± 1.59\< 0.01[^1]

Angiographic characteristics of the study patients are shown in [Table 2](#t0010){ref-type="table"}. Forty-three of 93 patients (46.2%) in the AA group had a significant coronary artery stenosis. In the AA group, the prevalence of coronary artery stenosis and CAD severity were significantly higher in the patients with descending thoracic or abdominal aneurysms than those with ascending thoracic aneurysms (coronary artery stenosis; 55.5% vs. 26.7%, p \< 0.01, CAD severity; 1-/2-/3-vessel disease; 30.1/14.3/11.1% vs. 20.0/6.7/0%, p \< 0.02). Forty-four of 93 patients (47.6%) in the AA group had CAE. The prevalence of CAE in the AA group was 32.6% in LAD, 26.1% in the LCX and 34.8% in RCA in the AA group. Also, in each ectatic artery, the prevalence of diffuse CAE was 56.6% in LAD, 87.5% in LCX and 90.6% in RCA.Table 2Angiographic characteristics between the patients with AA and those without AA.AA group\
(n = 93)Control group\
(n = 79)Coronary stenosis43 (46.2%)--LMCA stenosis8 (8.6%)--LAD stenosis16 (17.2%)--LCX stenosis13 (14.0%)--RCA stenosis26 (28.0%)--CAD severity1-Vessel disease25 (26.9%)--2-Vessel disease11 (11.9%)--3-Vessel disease7 (7.5%)--Coronary ectasia44 (47.3%)--LAD ectasia30 (32.6%)--Diffuse17 (18.5%)--LCX ectasia24 (26.1%)--Diffuse21 (22.8%)--RCA ectasia32 (34.8%)--Diffuse29 (31.5%)--[^2]

The baseline characteristics between the CAE (+) group and the CAE (−) group are shown in [Table 3](#t0015){ref-type="table"}. There was no significant difference in the ratio of ascending thoracic aneurysms. Prescription of β-blocker was significantly higher in the CAE (+) group than in the CAE (−) group (40.9% vs. 20.4%, p = 0.03). There was no significant difference in other baseline clinical variables between the CAE (+) group and the CAE (−) group. The CAE (+) group had a significantly higher WBC level and triglyceride level than the CAE (−) group (WBC; 7149 ± 1937 10^3^/μl vs. 6338 ± 2469 10^3^/μl, p = 0.04, triglyceride; 147.4 ± 61.4 mg/dl vs. 121.7 ± 64.6 mg/dl, p = 0.02, respectively). Relation between NL ratio and CAE in patients with aortic aneurysms is shown in [Fig. 1](#f0005){ref-type="fig"}. The CAE (+) group had a significantly higher NL ratio than the CAE (−) group (3.39 ± 1.67 vs. 2.52 ± 1.04, p \< 0.01). Univariate and multivariate logistic regression analyses to identify independent predictors of the presence of CAE in patients with aortic aneurysms are shown in [Table 4](#t0020){ref-type="table"}. Univariate analysis revealed that the NL ratio and triglyceride were associated with CAE in patients with aortic aneurysms (NL ratio; odds ratio \[OR\] 1.65, 95% confidence interval \[CI\] 1.18--2.44, p = 0.002, triglyceride; OR 1.01, 95% CI 1.01--1.02, p = 0.049, respectively). To detect the independent effect of the NL ratio for the presence of CAE in patients with aortic aneurysms, the NL ratio as well as triglyceride and high-density lipoprotein cholesterol was incorporated to multivariate logistic regression analysis. Multivariate logistic regression analysis revealed that the high NL ratio was an independent predictor for CAE in patients with aortic aneurysms (OR 1.76, 95% CI 1.24--2.69, p = 0.001). Logistic regression analysis of the NL ratio for CAE after adjustment for propensity scores is shown in [Table 4](#t0020){ref-type="table"}. After adjusting for ascending thoracic aneurysms, age, male, hypertension, dyslipidemia, diabetes mellitus, current smoker, body mass index, previous MI, atrial fibrillation, left ventricular ejection fraction, use of aspirin, β-blocker, Ca-blocker, angiotensin-converting enzyme inhibitor (ACE-I), angiotensin II receptor blocker (ARB), statin and diuretic using propensity scores, the NL ratio was an independent predictor for CAE in patients with aortic aneurysms (OR 1.56, 95% CI 1.10--2.40, p = 0.01).Fig. 1Relation between NL ratio and coronary artery ectasia in patients with aortic aneurysms.The CAE (+) group had a significantly higher NL ratio than the CAE (−) group (3.39 ± 1.67 vs. 2.52 ± 1.04, p \< 0.01).NL ratio; neutrophil to lymphocyte ratio, CAE; coronary artery ectasia.Table 3Baseline characteristics between the patients with CAE and those without CAE in the AA group.CAE (+) group\
(n = 44)CAE (−) group\
(n = 49)p value*Clinical characteristics*Ascending thoracic aneurysms11 (25.0%)19 (38.8%)0.15Age (years)72.5 ± 9.873.2 ± 8.00.92Male36 (81.8%)39 (79.6%)0.79Hypertension39 (88.6%)38 (77.6%)0.15Dyslipidemia21 (47.7%)20 (40.8%)0.50Diabetes mellitus7 (15.9%)10 (20.4%)0.31Current smoker11 (25.0%)17 (34.7%)0.87Body mass index (kg/m^2^)23.7 ± 3.723.1 ± 3.70.50Previous MI3 (6.8%)3 (6.1%)0.89Atrial fibrillation6 (13.6%)3 (6.1%)0.22MedicationAspirin15 (34.1%)13 (26.5%)0.43β-Blocker18 (40.9%)10 (20.4%)0.03Ca-blocker28 (63.6%)23 (46.9%)0.11ACE-I/ARB31 (70.5%)25 (51.0%)0.06Statin24 (54.6%)18 (36.7%)0.08Diuretic5 (11.4%)6 (12.2%)0.90LVEF (%)60.0 ± 6.960.1 ± 8.60.55  *Laboratory data*White blood cell (10^3^/μl)7149 ± 19376338 ± 24690.04NL ratio3.39 ± 1.672.52 ± 1.04\< 0.01Hemoglobin (g/dl)13.25 ± 2.1212.68 ± 2.000.21Hematocrit (%)39.27 ± 5.6937.51 ± 5.650.13C-reactive protein (mg/dl)1.39 ± 4.010.72 ± 1.530.99Platelet (mm^3^/μl)197.71 ± 59.91177.96 ± 63.440.12eGFR (ml/min per 1.73 m^2^)60.60 ± 26.8361.39 ± 18.680.94eGFR \< 60 ml/min per 1.73 m^2^17 (38.6%)24 (50.0%)0.32HDL cholesterol (mg/dl)48.4 ± 13.153.2 ± 15.10.12LDL cholesterol (mg/dl)113.9 ± 28.4107.1 ± 29.40.35Triglyceride (mg/dl)147.4 ± 61.4121.7 ± 64.60.02HbA1c (%)6.02 ± 0.465.85 ± 0.570.13D-dimer (μg/ml)6.10 ± 7.257.34 ± 8.120.42[^3]Table 4Independent predictors of coronary artery ectasia in patients with aortic aneurysms.Univariate\
OR 95% CIp valueMultivariate\
OR 95% CIp valueWhite blood cell (10^3^/μl)0.99 (0.99--1.01)0.79NL ratio1.65 (1.18--2.44)0.0021.76 (1.24--2.69)0.001Hemoglobin (g/dl)1.15 (0.94--1.43)0.18Hematocrit (%)1.06 (0.83--1.15)0.13C-reactive protein (mg/dl)1.09 (0.94--1.37)0.26Platelet (mm^3^/μl)1.00 (0.99--1.02)0.12eGFR (ml/min per 1.73 m^2^)0.99 (0.98--1.02)0.86eGFR \< 60 ml/min per 1.73 m^2^1.52 (0.28--1.64)0.32HDL cholesterol (mg/dl)0.98 (0.94--1.01)0.090.99 (0.95--1.02)0.50LDL cholesterol (mg/dl)1.00 (0.99--1.02)0.26Triglyceride (mg/dl)1.01 (1.01--1.02)0.0491.00 (0.99--1.01)0.07HbA1c (%)1.91 (0.83--5.01)0.13D-dimer (μg/ml)0.98 (0.92--1.01)0.49After adjustment for propensity scores[a](#tf0005){ref-type="table-fn"}NL ratio1.56 (1.10--2.40)0.01[^4][^5]

4. Discussion {#s0020}
=============

The major finding of the present study was that patients with aortic aneurysms had a significantly higher NL ratio than those without aortic aneurysms. Furthermore, among the AA group, patients with CAE had a significantly higher NL ratio than those without CAE and the high NL ratio might predict the presence of CAE. To our knowledge, this is the first report to present a relation between NL ratio and CAE in patients with aortic aneurysms.

Previous studies have shown that there are some differences in the pathobiology between descending thoracic or abdominal aortic aneurysms and ascending thoracic aneurysms [@bb0095], [@bb0100]. Descending thoracic or abdominal aortic aneurysms are characterized by a decrease in the number of smooth muscle cells in the aortic media layer and fragmentation of the extracellular matrix of the aorta at the site of the aneurysms because of inflammation, tissue remodeling and upregulation of matrix metalloproteinases (MMPs) [@bb0105]. Ascending thoracic aneurysms are characterized by medial necrosis, mucoid infiltration, cyst formation with elastin degradation and vascular smooth muscle cell apoptosis [@bb0095]. Although there are some differences in the pathobiology between descending thoracic or abdominal aortic aneurysms and ascending thoracic aneurysms, inflammatory response has an influence on the formation of aortic aneurysms [@bb0110]. In the present study, the AA group had a significantly higher NL ratio and C-reactive protein level than the control group. The result was conclusive evidence that the inflammation exists in patients with aortic aneurysms and consistent with results of previous studies [@bb0115]. On the other hand, the pathophysiology of CAE remains unclear. However, Virmani et al. had reported that the main histological features of CAE were lipid deposition with foam cells, fibrous caps and extensive destruction of musculoelastic elements of the media [@bb0120]. Additionally, several studies reported that both abdominal aortic aneurysms and thoracic aortic aneurysms were associated with CAE and shared common histological mechanisms to develop aneurysms with CAE [@bb0025], [@bb0030]. Same as aortic aneurysms, CAE has atherosclerotic risk factors [@bb0005], [@bb0050]. Although the mechanism of aortic aneurysms and CAE is variable, patients with aortic aneurysms or CAE demonstrated more pronounced inflammation [@bb0010], [@bb0035], [@bb0040], [@bb0045], [@bb0050], [@bb0055]. The relation between CAE and inflammatory markers in patients with aortic aneurysms has not been reported. Regardless of the presence of aortic aneurysms, CAE was associated with increased inflammatory markers such as C-reactive protein, interleukin-6, tumor necrosis factor-alpha, and MMPs [@bb0040], [@bb0045], [@bb0050], [@bb0055]. In addition, it was demonstrated that patients with CAE had infiltration of the media layer by inflammatory cells in ectatic coronary segments [@bb0035]. This may be related to the chronic inflammatory response occurring in CAE. Furthermore, it was reported that CAE was strongly associated with the NL ratio [@bb0125]. This mechanism was that neutrophils cause damage to the tissue and may play an important role in CAE by secreting elastase, MMPs and oxygen free radicals [@bb0130], [@bb0135]. As a result of this chronic inflammatory response, coronary arterial walls are weakened potentially resulting in CAE. In this study, the CAE (+) group had a significantly higher WBC level and NL ratio than the CAE (−) group. It was suggested that the inflammatory response was stronger in the CAE (+) group than in the CAE (−) group and this may eventually lead to a high WBC level and NL ratio in the CAE (+) group.

Patients with CAE present poor long-term cardiac outcomes [@bb0140]. CAE has been shown to decrease coronary flow velocity [@bb0145]. In addition, the extent of CAE was correlated with coronary flow velocity and associated with a history of myocardial infarction independent of coexisting significant coronary stenosis [@bb0140]. And persistent slow coronary blood flow is associated with an increased risk of stent thrombosis [@bb0150]. It was reported that preoperative NL ratio appears to be a significant predictor of both 30-day mortality and long-term outcome in open aortic aneurysm surgery and myocardial infarction was the main cause of perioperative mortality for aortic aneurysms [@bb0155]. For these reasons, it has a clinical importance to assess NL ratio and detect CAE in patients with aortic aneurysms in clinical decisions regarding management of these patients to avoid myocardial infarction and stent thrombosis. Also, it was reported that ACE-I, ARB and statin reduced MMPs and significantly inhibited infiltration of macrophages into the aortic wall, accompanied by a reduction of protein expression of intercellular adhesion molecule-1 [@bb0160], [@bb0165], [@bb0170]. Because these drugs reduce systemic inflammation, more use of these drugs would be an attractive strategy as medical treatment to prevent progression to CAE and cardiovascular event in patients with a high NL ratio before aortic aneurysm surgery.

5. Study limitations {#s0050}
====================

Major limitation of this study is a small sample size. In addition, this study is a retrospective analysis. Accurate assessment of coronary artery stenosis may be difficult in the presence of coronary ectasia due to uncertainty in identifying the reference part of the vessel. Cytokines related to inflammation were not investigated. We did not perform an analysis of the prognostic value of the NL ratio in CAE. Although the formation of aortic aneurysms and CAE is a slow, chronic condition, we only evaluated a single NL ratio in this study.

6. Conclusions {#s0025}
==============

The presence of aortic aneurysms was associated with a higher incidence of angiographic CAE and high NL ratio. Furthermore, the NL ratio might predict the presence of CAE in patients with aortic aneurysms. These findings suggested that CAE might need to be evaluated in patients with both aortic aneurysms and high NL ratio. Further studies should be advocated to investigate the more clinical prognostic value of NL ratio for patients with aortic aneurysms to reduce cardiovascular event and long-term outcome of patients with both aortic aneurysms and CAE with high NL ratio.
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[^1]: MI; myocardial infarction, ACE-I; angiotensin-converting enzyme inhibitor, ARB; angiotensin II receptor blocker, LVEF; left ventricular ejection fraction, NL ratio; neutrophil to lymphocyte ratio, eGFR; estimated glomerular filtration rate, HDL; high-density lipoprotein, LDL; low-density lipoprotein, HbA1c; hemoglobin A1c. P values were two-tailed, and p \< 0.05 was considered as statistically significant.

[^2]: LMCA = left main coronary artery, LAD = left anterior descending coronary artery, LCX = left circumflex coronary artery, RCA = right coronary artery, CAD = coronary artery disease.

[^3]: MI; myocardial infarction, ACE-I; angiotensin-converting enzyme inhibitor, ARB; angiotensin II receptor blocker, LVEF; left ventricular ejection fraction, NL ratio; neutrophil to lymphocyte ratio, eGFR; estimated glomerular filtration rate, HDL; high-density lipoprotein, LDL; low-density lipoprotein, HbA1c; hemoglobin A1c. P values were two-tailed, and p \< 0.05 was considered statistically significant.

[^4]: OR; odds ratio, CI; confidence interval, NL ratio; neutrophil to lymphocyte ratio, eGFR; estimated glomerular filtration rate, HDL; high-density lipoprotein, LDL; low-density lipoprotein, HbA1c; hemoglobin A1c.

[^5]: Adjusted for ascending thoracic aneurysms, age, male, hypertension, dyslipidemia, diabetes mellitus, current smoker, body mass index, previous myocardial infarction, atrial fibrillation, left ventricular ejection fraction, use of aspirin, β-blocker, Ca-blocker, angiotensin-converting enzyme inhibitor, angiotensin II receptor blocker, statin and diuretic.
